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In  the  present  work  the  alkali  in-situ  transesterification  of  rapeseed  with  methanol  for  the  production 
of  biodiesel  fuel  was  studied.  Experiments  were  designed  to  determine  how  variations  in  molar  ratio  of 
methanol  to  oil  in  seeds,  amount  of  alkali  catalyst,  time  and  temperature  affected  the  yield.  Good 
results  (90%)  conversion  of  seed  lipid  to  fatty  acid  methyl  ester  was  obtained  at  0.02  N  catalyst 
concentration,  720/1  methanol  to  rapeseed  oil  molar  ratio,  1  h  reaction  time  and  65  C  reaction 
temperature.  The  results  were  in  agreement  with  the  values  measured  by  ’H  NMR  spectroscopy.  A  mass 
balance  and  a  preliminary  feasibility  study  were  investigated.  A  techno-economic  analysis  of  the 
process  for  production  of  biodiesel  from  rapeseed  with  a  capacity  of  50,000  t/yr  was  presented  to 
investigate  the  profitability  indicators  of  the  production  capacity.  The  techno-economic  indicators 
showed  that  total  capital  investment  of  $16,065,000,  gross  profit/year  of  $14,630,300,  and  percentage 
simple  rate  of  return  (%SRR)  was  79.5%  for  a  constant  estimated  price  of  $945/t  while  the  specific 
biodiesel  prices  for  SRR%  of  10  and  50  were  $722  and  $850  respectively. 
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1.  Introduction 

Biodiesel  is  a  renewable  fuel  [1]  produced  by  transesterifica¬ 
tion  of  vegetable  oils  using  an  alcohol  and  a  catalyst  [2,3].  The 
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transesterification  reaction  can  be  catalyzed  by  acidic  [4],  alkali 
[5-7],  or  enzymes  [8-12].  The  process  usually  uses  pre-extracted 
oil  as  raw  material,  which  is  usually  produced  by  mechanical 
pressing  followed  by  solvent  extraction  to  extract  any  remaining 
oil.  Alternatively,  biodiesel  can  be  produced  via  ‘in-situ  transes¬ 
terification’  or  ‘reactive  extraction'  [13-16],  This  process  com¬ 
bines  the  steps  of  lipid  (oil)  extraction  and  transesterification  to 
produce  biodiesel.  Integration  of  these  stages  could  reduce 
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biodiesel  production  cost  [16-18].  The  use  of  reagents  and 
solvents  is  reduced,  the  analysis  is  less  expensive  and  easier, 
and  the  concern  about  waste  disposal  is  avoided.  The  main 
concerns  in  performing  in-situ  reactions  are  lipid  solubilization 
(advisable  to  achieve  fast  and  complete  reaction)  and  prevention 
of  the  interference  of  water  or  other  compounds.  Many  para¬ 
meters  play  important  roles  in  optimizing  the  process  [19]  such 
as  reaction  temperature,  time,  molar  ratio  of  alcohol  to  oil  and 
catalyst  concentration.  The  steps  and  parameters  involved  in  the 
integrated  extraction/reaction  scheme  differ  from  that  of  the 
conventional  process  in  many  ways  due  to  the  dependence  on 
both  extraction  and  reaction.  Zakaria  [20]  illustrates  that  the 
parametric  studies  and  light  microscope  images  of  reactively 
extracted  seed  suggested  that  reactive  extraction  occurs  by 
transesterification  of  the  oil  inside  the  seed,  followed  by  diffusion 
of  the  products  into  the  bulk  solvent. 

Many  researchers  investigated  the  in-situ  approach  for  biodiesel 
production  [21,22].  Georgogianni  et  al.  compared  alkaline  in-situ 
Transesterification  of  both  sunflower  seed  oil  [22]  and  cotton  seed  oil 
[23]  with  conventional  transesterification.  The  authors  found  that 
in-situ  transesterification  gave  similar  ester  yields  to  those  obtained 
by  conventional  transesterification.  Also  Harrington  and  D’Arcy  Evans 
[17]  showed  that  transesterification  of  sunflower  seed  oil  in-situ 
with  acidified  methanol  produce  fatty  acid  methyl  esters  in  yields 
significantly  20%  greater  than  those  obtained  from  conventional 
reaction.  Haas  et  al.  examined  alkaline  in-situ  transesterification  of 
soybean  flakes  [16]  and  from  a  variety  of  feed  stocks  [24].  Madankar 
et  al.  [25]  studied  the  production  of  castor  oil  methyl  ester  by  reactive 
extraction,  and  found  that  the  optimum  reaction  conditions  were  1% 
KOH  (wt.  basis  of  oil)  reaction  temperature  65  °C,  reaction  time  3  h, 
methanol  to  oil  molar  ratio  250:1  and  mixing  speed  of  600  rpm.  The 
authors  concluded  that  in-situ  approach  might  be  valid  for  the 
production  of  biodiesel  from  virtually  any  lipid-bearing  material. 
Similarly,  high  conversion  of  lipid  to  fatty  acid  methyl  ester  has  been 
reported  in  rice  bran  [19],  canola  [21  ],  castor  seed  oil  [26],  cotton  seed 
oil  [27],  Jatropha  curcas  L.  seeds  [28]  and  rape  seed  oil  [29],  Fan  et  al. 
[30]  gave  a  preliminary  study  of  two  approaches  to  economically 
produce  biodiesel  from  waste  cooking  oil  and  flaked  cottonseed.  One 
was  to  use  the  ultrasound-assisted  synthesis  of  biodiesel  from  waste 
cooking  oil  and  the  other  was  the  application  of  in-situ  transester¬ 
ification  from  flaked  cottonseed. 

The  main  objective  of  the  present  work  was  to  apply  the  biodiesel 
production  technology  using  an  alkaline  catalyst  to  the  in-situ 
transesterification  of  rape  seed  and  to  study  the  effect  of  time, 
temperature,  catalyst  concentration,  and  methanol:  seed  ratio.  As  a 
means  for  the  cross-checking  results  analytical  method,  the  ’H  NMR 
method  was  selected.  Since  the  quantification  method  by  NMR  was 
discussed  in  previous  publication  [31],  no  further  discussion  will  be 
presented  here.  The  second  objective  was  to  present  a  mass  balance 
for  an  industrial  scale  production  based  on  experimental  data  and  to 
develop  an  economic  study  to  produce  50,000 1  biodiesel/year. 


2.  Experimental  work 

2.2.  Materials 

•  Rapeseeds  used  were  supplied  by  Cultivation  and  Production  of 
Medicinal  and  Aromatic  Plant  Dept,  at  National  Research  Centre 
of  Egypt.  From  our  previous  work  [32],  the  percentage  of  oil  in 
rapeseeds  was  found  to  be  38%,  and  moisture  content  of  seed  is 
around  6%.  Table  1  illustrates  the  comparison  between  the  fatty 
acid  composition  of  rapeseed  oil  used  and  data  found  in  literature. 

•  Methanol  of  99.8%  analytical  reagent. 

•  Potassium  hydroxide  pellets  of  98%  purity  as  catalyst. 

•  Glacial  acetic  acid  analytical  grade  to  stop  the  reaction. 


Table  1 

Fatty  acid  composition  of  rapeseed  oil. 


Constituent 

%  Composition  from 

%  Composition  from  data  in 

the  present  work  [32] 

literature  [33-54] 

Mean 

Dev. 

Palmitic  (16:0) 

4.39 

4.2 

1.1 

Stearic  (18:0) 

1.67 

1.6 

0.7 

Oleic  (18:1) 

60.95 

59.5 

7.8 

Linoleic  (18:2) 

19.04 

21.5 

2.8 

Linolenic  (18:3) 

11.78 

8.4 

1.3 

Eicosic  (20:1) 

2.7 

2.1 

3.0 

Erucic  (22:1) 

0.9 

0.5 

0.5 

#  Carbon  tetrachloride  analytical  reagent  to  extract  the  pro¬ 
duced  biodiesel  from  reaction  mixture. 

As  shown  from  Table  1  there  is  slight  deviation  in  composition. 
Erucic  acid  is  much  higher  in  the  present  study  it  is  more 
favorable  to  be  used  as  fuel. 

2.2.  Procedure 

Reactive  extraction  experiments  were  carried  out  according  to 
the  following  experimental  procedure: 

1.  Whole  seeds  (40  g)  were  macerated  in  methanol  (100  ml)  and 
a  laboratory  homogenizer  (1800  rpm)  was  used  for  1  min  to 
give  slurry  with  particle  size  of  coarse  sand. 

2.  The  slurry  was  transferred  to  the  reaction  flask  and  methanol 
was  added  to  achieve  the  required  pre-determined  molar  ratio 
and  is  heated  under  reflux. 

3.  The  relevant  amounts  of  catalyst  (KOH)  was  dissolved  in  50  ml 
methanol  using  magnetic  stirrer/hot  plate.  When  the  catalyst  was 
completed  dissolved,  it  was  added  to  the  reaction  flask  after  the 
mixture  reached  set  temperature  and  the  reaction  time  started. 

4.  To  ensure  that  the  transesterification  reaction  is  stopped,  the 
catalyst  was  neutralized  using  glacial  acetic  acid. 

5.  The  reaction  mixture  was  filtered  to  separate  the  meal  and  the 
liquid  mixture. 

6.  The  liquid  mixture  was  placed  in  a  rotary-evaporator  to  evapo¬ 
rate  the  methanol.  Then  carbon  tetrachloride  was  added  to  the 
solution  and  transferred  to  a  separating  funnel  and  was  allowed 
to  separate.  Two  distinct  layers,  the  biodiesel-carbon  tetrachloride 
lower  layer,  and  the  glycerol-rich  upper  layer  appeared. 

7.  The  lower  layer  was  then  placed  in  the  rotary-evaporator  to 
remove  carbon  tetrachloride  to  obtain  pure  biodiesel. 

All  experiments  were  duplicated.  The  reactive  extraction  was 
studied  for  different  concentrations  of  KOH,  mole  ratio,  reaction 
temperature  and  time  intervals.  NMR  spectra  were  obtained  on  a 
JEOL  ECA  at  500  MHz,  using  CDC13  as  a  solvent. 

3.  Results  and  discussion 

The  percentage  yield  conversion  of  biodiesel  was  calculated 
based  on  the  total  amount  of  oil  in  the  seed,  concerning  experi¬ 
mental  and  analytical  error  to  be  +  2%. 

3.1.  Effect  of  catalyst  concentration: 

The  effect  of  catalyst  concentration  after  90  min  reaction,  65  C 
temperature  and  methanokoil  molar  ratio  720:1  is  shown  in  Fig.  1. 
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Fig.  1.  Effect  of  catalyst  concentration  on  methyl  ester  yield  (alcohol  to  oil 
720:1, reaction  time  90  min,  reaction  temperature  65  °C). 
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Fig.  3.  Effect  of  reaction  time  on  methyl  ester  yield  (alcohol  to  oil  720:1,  catalyst 
concenration  0.02  N,  reaction  temperature  65  C). 


1440;  other  conditions  are  shown  in  Fig.  2.  As  shown  in  this 
figure,  by  increasing  the  amount  of  loading  methanol,  rapeseed  oil 
extraction  and  conversion  were  increased  considerably.  When  the 
methanohoil  molar  ratio  was  very  close  to  720:1,  the  amount  of 
yield  reached  90%.  However,  beyond  the  molar  ratio  720:1  the 
excessively  added  methanol  had  slight  effect  on  rapeseed  oil 
extraction  and  conversion.  The  yield  at  a  molar  ratio  of  1080  is 
89%  and  the  yield  at  1440  is  96%  from  the  total  amount  of  oil  in 
seeds.  The  results  suggested  that  the  amount  of  methanol  must  be 
very  high  to  achieve  an  appreciable  rate.  This  was  presumably  to 
drive  the  penetration  of  alkaline  methanol  into  the  seed  [23]. 
Further  excess  of  methanol  is  undesired,  as  it  will  increase  the 
load  on  downstream  separation  processes,  this  fact  is  in  accor¬ 
dance  with  Kasim  et  al.  [55]  for  in-situ  transesterification  from 
castor  seeds.  For  economic  reasons,  the  ratio  of  720:1  is  selected 
as  an  optimum. 


Fig.  2.  Effect  of  molar  ratio  of  alcohol  to  oil  on  methyl  ester  yield  (catalyst 

concentration.0.02  N,  reaction  time  90  min,  reaction  temperature  65  °C).  3.3.  Effect  of  time 


The  graph  clearly  shows  that  the  yield  of  biodiesel  increases  with 
increase  in  the  concentration  of  catalyst.  Without  addition  of  KOH 
in  methanol,  the  in-situ  alkaline  transesterification  almost  did  not 
occur.  This  can  be  explained  that  methanol  itself  is  a  poor 
vegetable-oil  extractor,  so  alkaline  alcohol  destroys  intracellular 
compartmentalization  in  the  seeds,  allowing  solubilization  and 
subsequent  transesterification  and  that  agree  with  Ren  et  al.  and 
Kasim  and  Harvey  [29,55].  The  yield  of  biodiesel  at  0.02  N  KOH  was 
found  to  be  90%;  while  at  0.025  N  KOH  the  yield  was  found  to  be 
89%.  It  is  known  that  further  increase  in  KOH  concentration 
increases  the  amount  of  soaps  formed  by  saponification  reaction 
[54].  The  soap  increases  the  methyl  ester  solubility  in  glycerol  and 
produce  emulsification  of  the  ester  and  glycerol  that  makes 
difficulties  in  the  separation  of  the  esters.  Therefore  the  ester  losses 
increase  and  consequently  the  yield  decreases.  These  results  agree 
with  Zakaria  [20]  who  found  that  increasing  the  catalyst  concentra¬ 
tion  from  0.1  to  0.15  M  NaOH  causes  a  reduction  in  the  yield  in  case 
reactive  extraction  of  rapeseed  oil. 

3.2.  Effect  of  molar  ratio  of  methanol  to  rapeseed  oil 

The  methanol  volume  required  in  reactive  extraction  is  very 
high  compared  to  the  conventional  process  [16].  In  this  study,  the 
molar  ratio  of  methanol  to  rapeseed  oil  was  varied  from  360  to 


The  reaction  rate  of  plant  oil  seeds  reactive  extraction  has  been 
claimed  to  be  very  high  [16]. 

The  results  obtained  from  experiments  are  presented  in  Fig.  3. 
Reaction  was  carried  out  for  three  hours;  other  conditions  are 
shown  in  the  figure.  The  yield  was  increased  with  the  increase  of 
reaction  time.  Within  one  hour  about  90%  yield  was  obtained  for 
biodiesel  production  and  further  increase  in  the  reaction  time 
from  1  to  3  h  had  no  effect  on  the  biodiesel  yield. 

3.4.  Effect  of  temperature 

Two  reaction  temperatures  were  investigated,  65  °C  which 
suffices  to  achieve  rapid  reaction  (boiling  point  of  the  system) 
and  30-35  °C  (room  temperature)  at  which  heating  of  the  reac¬ 
tion  is  not  required  and  at  which  the  reduced  volatility  of  the 
alcohol  component  reduced  vapor  entrainment  and  reduced  the 
need  for  solvent  replacement.  The  data  obtained  are  plotted  in 
Fig.  4.  Percentage  yield  at  35  and  65  DC  was  83  and  90,  respec¬ 
tively.  Temperature  did  not  have  a  significant  effect  on  biodiesel 
yield.  This  result  is  in  agreement  with  the  work  by  Haas  et  al., 
where  they  observed  that  triglyceride  can  be  converted  to 
biodiesel  at  both  low  and  high  temperature  [16].  Karnwal  et  al. 
found  that  ester  yield  from  Thumba  oil  decreases  as  the  reaction 
temperature  increases  above  60  C  [56].  Atapour  and  Kariminia 
[57]  said  that  yield  of  biodiesel  from  Iranian  bitter  almond  oil 
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increased  when  the  reaction  temperature  was  raised  from  30  to 
50  °C  then  further  increase  in  temperature  (from  50  to  70  °C) 
caused  a  decrease  in  the  yield.  Several  researchers  found  that  the 
increase  in  temperature  influences  the  reaction  in  positive  man¬ 
ner  [58-60]. 

4.  The  proton  NMR  spectrum 

The  characteristic  signals  in  the  JH  NMR  spectrum  illustrate 
that  the  strong  singlet  at  3.7  ppm  for  integration  of  methoxy 
groups  in  the  methyl  esters  (-C02CH3)  and  the  triplet  signal  at 
2.3  ppm  indicates  a-carbonyl  methylene  groups  (-CH2C02CH3) 


Temperature, °C 


Fig.  4.  Effect  of  temperature  on  methyl  ester  yield.  (Catalyst  concentration  0.02  N, 
reaction  time  90  min,  alcohol  to  oil  720:1.) 


present  in  all  fatty  ester  derivatives.  No  visible  glycerol  related 
signals  were  found  at  4. 1-4.4  ppm.  The  results  were  in  agreement 
with  the  values  measured  by  ’H  NMR  Spectroscopy  [61,62]. 


5.  Physical/chemical  properties  of  biodiesel  (FAME)  from 
rapeseed  oil 

Table  2  summarizes  several  of  the  most  important  physical/ 
chemical  properties  of  biodiesel  (FAME)  derived  from  rapeseed 
feedstock  whose  composition  profile  was  discussed  in  Table  1. 


6.  Mass  balance 

A  mass  balance  for  pilot  scale  of  1.0  t  biodiesel  production 
from  rapeseeds  by  the  in-situ  transesterification  process  was 
achieved  using  optimum  reaction  conditions  for  the  best  yield 
of  90%  and  demonstrated  in  Fig.  5.  The  optimum  conditions  from 
experimental  work  were  0.02  N  catalyst  concentration,  720/1 
methanol  to  rapeseed  oil  molar  ratio,  1  h  reaction  time  and 
65  °C  reaction  temperature.  As  shown  from  Fig.  5  1  t  produced 
biodiesel  needs  2.85  t  seeds  which  contain  38%  oil. 


Table  3 

Annual  products  and  by-products  sell  cost. 


Name  of  material 

Price 

($/t) 

Annual  amount 

(t/yr) 

Annual  value  of  product 

($/yr) 

Biodiesel 

945 

50,000 

47,250,000 

Cake 

133 

68,000 

9,044,000 

Glycerol 

200 

5,000 

1,000,000 

Total  annual  value  of  products 

57,294,000 

Table  2 

Physical/chemical  properties  of  biodiesel  (FAME)  derived  from  rapeseed  feedstock. 


Property 

Rapeseed  from 
present  work 

Rapeseed  from  literature  [63] 

ASTM 

Mean 

Dev. 

Cloud  point  (°C) 

-3 

-3 

2 

Report  customer  ASTM  D2500 

Pour  point  (°C) 

-6 

-10 

3 

-15  tolO  ASTM  D79 

Flash  point  (°C) 

163 

169 

16 

>  130  ASTM  D93 

Cetane  no. 

48 

53.7 

2.9 

47  min  ASTM  D613 

Specific  gravity 

0.8848 

0.879 

0.01 

0.87-0.9  ASTM  D1298 

Higher  heating  value  (MJ/kg) 

40.08 

41.1 

2.3 

ASTM  D224 

Sulfur  content  (ppm) 

Nil 

4 

3 

15  ASTM  D4294 

Produced 
Biodiesel  lton 


Fig.  5.  Pilot  scale  mass  balance  flow  chart  for  in-situ  transesterification  of  1  t  biodiesel  production  from  rapeseeds. 
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7.  Techno-economic  cost  analysis 

Based  on  experimental  work  on  bench  and  pilot  plant,  optimum 
operating  conditions  for  biodiesel  production  have  been  investi¬ 
gated,  mass  and  energy  balance  outputs  from  the  production  of 
1.0  t.  Biodiesel  pilot  scale  shown  in  Fig.  5  were  used  to  evaluate  all 
capital  and  operating  costs  in  order  to  establish  an  overall  cost  of 
production  value.  Glycerol  and  protein-meal  for  livestock  feeding 
are  by-products  that  might  help  to  offset  the  cost  of  production.  The 
economical  evaluations  were  carried  out  for  a  continuous  biodiesel 
production  plant.  The  cost  evaluation  of  this  study  were  based  on 
the  following  assumptions;  the  plant  capacity  of  biodiesel  produc¬ 
tion  was  50,000  t/yr,  rape  seed  (250$/t)  used  as  the  feedstock  for 
biodiesel  production,  was  free  of  any  solid  impurities.  Operating 
hours  based  on  three  shifts  (8  h)  per  day  and  300  working  days  per 
year  (7200  h/yr).  The  storage  capacity  is  2  weeks  for  raw  materials 
and  3  weeks  for  products.  The  installation  cost  was  estimated  based 
on  400%  on  equipment  cost.  Depreciation  estimated  using  the 
straight  line  method  and  assuming  life  span  of  10  yr.  From  an 
economic  point  of  view,  in-situ  alkaline  transesterification  requires 
a  higher  methanol  to  oil  ratio,  the  cost  of  methanol  recovery 
accounts  for  a  part  of  the  cost  of  biodiesel  production.  Therefore, 


Table  4 

Equipment  cost. 


Storage  facilities 

No.  of  units 

Price  ($) 

Seed  storage  tank 

1 

550,000 

Biodiesel  storage  tank 

1 

500,000 

CCL4  storage  tank 

1 

30,000 

Crude  glycerol  storage  tank 

1 

33,000 

Loading/unloading  stations 

1 

75,000 

Pumps  to/from  storage 

5 

33,000 

Subtotal  storage  facilities 

1,221,000 

Process  equipment 

Methanol  storage  tank 

1 

36,000 

Potassium  hydroxide  tank 

1 

37,500 

Homogenizer 

1 

10,500 

Reactor 

2 

225,000 

Glycerol  biodiesel  separator  (Filter  press) 

1 

466,500 

Methanol  distillation  tower 

1 

180,000 

Biodiese41/CC14  evaporator 

1 

50,000 

Fatty  acid  storage  tank 

1 

15,000 

Pumps 

12 

93,000 

Additional  process  equipment 

1 

649,500 

Subtotal  processing 

1,763,000 

Utility  equipment 

Steam  generation  system 

1 

104,000 

Instrument  air  system 

25,000 

Electrical  distribution  system 

100,000 

Subtotal  utility  equipment 

229,000 

Total  equipment  cost 

3,213,000 

Other  costs 

Installation,  @  400%  of  equipment  costs 

12,852,000 

Total  other  costs 

12,852,000 

Total  costs 

16,065,000 

Depreciation  based  on  15  yr  life  span 

1,071,000 

in  order  to  reduce  methanol  consumption  and  increase  efficiency, 
reaction  methanol  recycling  is  of  great  importance  for  industrial 
application.  Qian  et  al.  [27]  showed  that  the  optimum  methanol 
recycling  ratio  of  the  in-situ  alkaline  transesterification  was 
0.2.Annual  products  and  by-products  sell  cost  are  shown  in 
Table  3.  Equipment  size  based  on  the  mass  production  and  cost 
estimation  of  the  process  equipment  has  been  estimated  from 
McGraw  Hill  [64]  and  prices  have  been  adjusted  based  on  cost 
indices  of  201 1  as  presented  in  Table  4.  All  chemical  costs,  total 
utilities  cost  for  superheated,  low-  and  high-pressure  steams, 
electricity  and  water  and  annual  operating  labor  costs  are  shown 
in  Tables  5  and  6.  The  techno-economic  analysis  indicators  for  the 
in-situ  and  conventional  method  [65]  are  shown  in  Table  7.  The 
gross  profit  is  found  to  be  $14,630,300  for  the  in-situ  and 
$8,176,830  for  the  conventional  method,  which  correspond  to  %SRR 
given  as  79.5%  and  29.4,  respectively,  for  constant  estimated  prices 
of  $945/t.  It  is  to  be  noted  that  the  specific  biodiesel  prices,  if  SRR% 
are  10  and  50,  are  estimated  to  be  $722  and  $850  respectively  for 
the  in-situ  process. 


8.  Conclusions 

In-situ  transesterification  has  now  been  demonstrated  to  be  an 
effective  method  for  fatty  acid  methyl  ester  production  from  rapeseed 
rather  than  the  conventional  method.  This  study  was  designed  to 
determine  the  effect  of  various  parameters  on  the  reactive  extraction 
of  rapeseed.  Effects  of  methanol  to  oil  molar  ratio,  potassium 


Table  6 

Annual  operating  labor  costs. 


Labor 

Number  of 
operators  per 
shift 

Shifts 
per  day 

Operator 
rate  ($/h) 

Annual  operating 
labor  cost  ($/yr) 

Engineer 

2 

3 

5 

72,000 

Supervisors 

2 

3 

3 

43,200 

Administration 

5 

3 

2 

72,000 

Laborer 

Total 

5 

3 

2 

72,000 

259,200 

Table  7 

Techno-economic  indicators. 

Conventional 

in-situ 

Total  annual  cost  of  raw  materials 

$52,359,841 

$42,099,750 

Annual  operating  labor  costs 

$259,200 

$259,200 

Total  utility  Cost 

$521,000 

$521,000 

Total  equipment  cost 

$4,105,550 

$16,065,000 

Depreciation  @10%  capital  cost/year 

$1,368,516,667 

$1,071,000 

Total  production  cost/year 

$54,508,557 

$43,950,950 

Total  annual  value  of  products 

$62,685,387,500 

$58,581,250 

Gross  profit/year 

$8,176,830 

$14,630,300 

%SRR 

29.4 

79.5 

Pay  pack  period,  month 

30.1 

13.2 

Table  5 

Utility  cost. 


Utility 

Default  unit 

cost 

Default  cost 
units 

Annual  utility  requirement.  Default  units  of  utility 
in  appropriate  units  requirement 

Annual  utility  cost 
(S/yr) 

Annual  utility  cost 
(LE/yr) 

Electricity 

0.030 

$/kWh 

2,700,000 

kWh/yr 

81,000 

486,000 

Steam,  saturated, 

6.00 

$/ 1000  kg 

40,000 

1000  kg/yr 

240,000 

1,440,000 

790  kPa 

Process  water 

0.08 

$/m3 

2,500,000 

m3/yr 

200,000 

1,200,000 

Total  utility  cost 

521,000 

3,126,000 
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hydroxide  concentration,  reaction  temperature  and  reaction  time  on 
the  yield  were  studied.  The  results  indicated  that  these  parameters 
were  important  factors  affecting  the  yield.  A  high  biodiesel  yield  of 
90%  was  achieved  at  0.02  N  catalyst  concentration,  720/1  methanol  to 
rapeseed  oil  molar  ratio,  1  h  reaction  time  and  65  °C  reaction 
temperature.  Mass  balance  to  produce  1 .0 1  of  biodiesel  is  developed 
and  based  on  which  a  preliminary  economic  study  to  produce 
50,000  t/yr  of  biodiesel  is  achieved  and  showed  promising  results. 
The  techno-economic  indicators  shows  that  total  capital  investment 
of  $16,065,000,  gross  profit/year  of  $14,630,300,  percentage  simple 
rate  of  return  (%SRR)  was  79.5%  for  a  constant  estimated  price  of 
$945/t  while  the  specific  biodiesel  prices  for  SRR%  of  10  and  50  were 
$722  and  $850  respectively. 


Acknowledgment 

The  authors  gratefully  acknowledge  financial  support  for  this 
research  by  STDF,  Academy  of  Scientific  Research  Egypt. 


References 


[1]  Venu  BB,  Vaibhav  VG.  Biodiesel  production  from  renewable  feed  stocks: 
status  and  opportunities.  Renewable  and  Sustainable  Energy  Reviews 
2012;16:4763-84. 

[2]  Van  GerpenJ.  Biodiesel  processing  and  production.  Fuel  Processing  Technology 
2005;86:1097-107. 

[3]  Ma  F,  Hanna  MA.  Biodiesel  production:  a  review.  Bioresource  Technology 
1999;70:1-15. 

[4]  Furuta  S,  Matsuhashi  H,  Arata  K.  Biodiesel  fuel  production  with  solid  super 
acid  catalysis  in  fixed  bed  reactor  under  atmospheric  pressure.  Catalyst 
Communication  2004;5:721-3. 

[5]  Zhang  Y,  Dub  MA,  McLean  DD,  Kates  M.  Biodiesel  production  from  waste 
cooking  oil:  2.  Economic  assessment  and  sensitivity  analysis.  Bioresource 
Technology  2003;90:229-40. 

[6]  Gryglewicz  S.  Rapeseed  oil  methyl  esters  preparation  using  heterogeneous 
catalysts.  Bioresource  Technology  1999;70:249-53. 

[7]  Chitra  P,  Venkatachalam  P,  Sampathrajan  A.  Optimisation  of  experimental 
conditions  for  biodiesel  production  from  alkali-catalysed  transesterification 
of  Jatropha  curcus  oil.  Energy  Sustainable  Development  2005;9:13-8. 

[8]  Hama  S,  Yamaji  H,  Kaieda  M,  Oda  M,  Kondo  A,  Fukuda  H.  Effect  of  fatty  acid 
membrane  composition  on  whole-cell  biocatalysts  for  biodiesel-fuel  produc¬ 
tion.  Biochemical  Engineering  Journal  2004;21:155-60. 

[9]  Oda  M,  Kaieda  M,  Hama  S,  Yamaji  H,  Kondo  A,  Izumoto  E.  Facilitator  effect  of 
immobilized  lipase-producing  Rhizopus  oryzae  cells  on  acyl  migration  in 
biodiesel-fuel  production.  Biochemical  Engineering  Journal  2004;23:45-51. 

[10]  Shieh  CJ,  Liao  HF,  Lee  CC.  Optimization  of  lipase-catalyzed  biodiesel  by 
response  surface  methodology.  Bioresource  Technology  2003;88:103-6. 

[11]  Noureddini  H,  Gao  X,  Philkana  RS.  Immobilized  pseudomonas  cepacia  lipase 
for  biodiesel  fuel  production  from  soybean  oil.  Bioresource  Technology 
2005;96:769-77. 

[12]  Du  W,  Xu  Y,  Liu  D,  ZengJ.  Comparative  study  on  lipase-catalyzed  transfor¬ 
mation  of  soybean  oil  for  biodiesel  production  with  different  acyl  acceptors. 
Journal  of  Molecular  Catalysis  B:  Enzymatic  2004;30:125-9. 

[13]  Harrington  KJ,  Arcy-Evans  CD.  Transesterification  in  situ  of  sunflower  seed 
oil.  Industrial  Engineering  and  Chemical  Research  1985;24:314-8. 

[14]  Ozgtil  S,  Tiirkay  S.  In  situ  esterification  of  rice  bran  oil  with  methanol  and 
ethanol  Journal  of  the  American  Oil  Chemists  Society.  1993;70:145-7. 

[15]  IGldiran,  G,  Yiicel  OS,  Tiirkay  S.  In  situ  alcoholysis  of  soybean  oil,  Journal  of 
the  American  Oil  Chemists  Society.  1996;73:223-5. 

[16]  Haas  MJ,  Scott  KM,  Marmer  WN,  Foglia  TA.  In  situ  alkaline  transesterification: 
an  effective  method  for  the  production  of  fatty  acid  esters  from  vegetable 
oils.  Journal  of  the  American  Oil  Chemist’s  Society  2004;81:83-9. 

[17]  Harrington  KJ,  D’Arcy-Evans  C.  A  comparison  of  conventional  and  in  situ 
methods  of  transesterification  of  seed  oil  from  a  series  of  sunflower,  cultivars. 
Journal  of  the  American  Oil  Chemist’s  Society  1985;62:1009-13. 

[18]  Hincapie  G,  Mondragon  F,  Lopez  D.  Conventional  and  in  situ  transesterifica¬ 
tion  of  castor  seed  oil  for  biodiesel  production.  Fuel  2011;90:1618-23. 

[19]  Ozgtil  S,  Tiirkay  S.  Variables  affecting  the  yields  of  methyl  esters  derived  from 
in  situ  esterification  of  rice  bran  oil.  Journal  of  the  American  Oil  Chemist’s 
Society  2002;79:611-4. 

[20]  Zakaria  R,  Harvey  AP.  Direct  production  of  biodiesel  from  rapeseed  by 
reactive  extraction/in  situ  transesterification.  Fuel  Processing  Technology 
2012;102:53-60. 

[21]  Haagenson  DM,  Brudvik  RL,  Lin  H,  Wiesenborn  DP.  Implementing  an  in  Situ 
alkaline  transesterification  method  for  canola  biodiesel  quality  screening. 
Journal  of  the  American  Oil  Chemist’s  Society  2010;87:1351-8. 


[22]  Georgogianni  KG,  Kontominas  MG,  Pomonis  PJ,  Avlonitus  D,  Gergis  V. 
Conventional  and  in  situ  transesterification  of  sunflower  seed  oil  for  the 
production  of  biodiesel.  Fuel  Processing  Technology  2008;89:503-9. 

[23]  Georgogianni  KG,  Kontominas  MG,  Pomonis  PJ,  Avlonitus  D,  Gergis  V.  Alka¬ 
line  conventional  and  in  situ  transesterification  of  cottonseed  oil  for  the 
production  of  biodiesel.  Energy  &  Fuels:  An  American  Chemical  Society 
Journal  2008;22:2110-5. 

[24]  Haas  MJ,  Scott  KM,  Foglia  TA,  Marmer  WN.  The  general  applicability  of  in  situ 
transesterification  for  the  production  of  fatty  acid  esters  from  a  variety  of 
feed  stocks.  Journal  of  the  American  Oil  Chemist’s  Society  2007;84:963-70. 

[25]  Madankar  CS,  Pradhana  S,  Naika  SN.  Parametric  study  of  reactive  extrac¬ 
tion  of  castor  seed  ( Ricinus  communis  L.)  for  methyl  ester  production 
and  its  potential  use  as  bio  lubricant.  Industrial  Crops  and  Products 
2013;43:283-90. 

[26]  Hincapie  G,  Mondragon  F,  Lopez  D.  Conventional  and  in  situ  transesterifica¬ 
tion  of  caster  seed  oil  for  bio  diesel  production.  Fuel  2011;90:1618-23. 

[27]  Qian  J,  Wang  F,  Liu  S,  Yun  Z.  In  situ  alkaline  Transesterification  of  cottonseed 
oil  for  production  of  bio  diesel  and  nontoxic  cottonseed  meal.  Bioresource 
Technology  2008;99:9009-12. 

[28]  Shuit  SH,  Lee  KT,  Kamaruddin  AH,  Yusup  S.  Reactive  extraction  of  Jatropha 
curcas  L.  seed  for  production  of  biodiesel:  process  optimization  study. 
Environment  Science  and  Technology  2010;44(ll):4361-7. 

[29]  Ren  YY,  Harvey  A,  Zakaria  R.  Bio  refining  based  on  biodiesel  production: 
chemical  and  physical  characterization  of  reactivity  extracted  rapeseed. 
Journal  of  Biobased  Materials  and  Bioenergy  2010;4(l):79-86. 

[30]  Fan  X,  Wang  X,  Chen  F.  Two  novel  approaches  used  to  produce  biodiesel  from 
low  cost  feed  stocks.  The  Open  Fuels  &  Energy  Science  Journal  2010;3:23-7. 

[31]  Gelbard  G,  Bre's  O,  Vargas  RM,  Vielfaure  F,  Schuchardt  UF"  !H  nuclear  magnetic 
resonance  determination  of  the  yield  of  the  transesterification  of  rapeseed  oil  with 
methanol”  Journal  of  the  American  Oil  Chemist’s  Society  1995;72:1239-41. 

[32]  Ibiari  NN,  Abo  El-Enin  SA,  Attia  NK,  El-Diwani  G.  Ultrasonic  comparative 
assessment  for  biodiesel  production  from  rapeseed.  Journal  of  American 
Science  2010;6(12):937-43. 

[33]  Karavalakis  G,  Karonis  D,  Stournas  S.  Evaluation  of  the  oxidation  stability  of 
diesel/biodiesel  blends  using  the  modified  rancimat  method.  SAE  technical 
paper  series.  Report  no.  2009-01-1828.  SAE  International;  2009. 

[34]  Schonborn  A,  Ladommatos  N,  Williams  J,  Allan  R,  Rogerson  J.  The  influence  of 
molecular  structure  of  fatty  acid  monoalkyl  esters  on  diesel  combustion. 
Combustion  and  Flame  2009;156(7):1396-412. 

[35]  Dorado  MP,  Ballesteros  E,  Arnal  JM,  Gomez  J,  Gimenez  FJL.  Testing  waste  olive 
oil  methyl  ester  as  a  fuel  in  a  diesel  engine.  Energy  and  Fuels 
2003;  17(6):  1560-5. 

[36]  Lin  BF,  Huang  JH,  Huang  DY.  Experimental  study  of  the  effects  of  vegetable  oil 
methyl  ester  on  diesel  engine  performance  characteristics  and  pollutant 
emissions.  Fuel  2009;88(9):1779-85. 

[37]  Chuck  CJ,  Bannister  CD,  Hawley  JG,  Davidson  MG,  La  Bruna  I,  Paine  A. 
Predictive  model  to  assess  the  molecular  structure  of  biodiesel  fuel.  Energy 
and  Fuels  2009;23(4):2290-4. 

[38]  Ohshio  N,  Saito  K,  Kobayashi  S,  Tanaka  S.  Storage  stability  of  FAME  blended 
diesel  fuels.  SAE  technical  paper  series.  Report  no.  2008-01-2505.  SAE 
International;  2008. 

[39]  Peterson  C,  Reece  D.  Emissions  testing  with  blends  of  esters  of  rapeseed  oil 
fuel  with  and  without  a  catalytic  converter.  SAE  technical  paper  series. 
Report  no.  961114.  SAE  International;  1996. 

[40]  Patterson  J,  Hassan  MG,  Clarke  A,  Shama  K,  Hellgardt  K,  Chen  R.  Experimental 
study  of  DI  diesel  engine  performance  using  three  different  biodiesel  fuels. 
New  diesel  engines  and  components  and  Cl  engine  performance  for  use  with 
alternative  fuels.  SP-2014  (2006-01-0234);  2006. 

[41  ]  Myo  T,  Hamasaki  K,  Kinoshita  E,  Tajima  H.  Diesel  combustion  characteristics 
of  single  compositions  of  fatty  acid  methyl  esters.  SAE  technical  paper  series. 
Report  no.  2005-32-0042.  SAE  International;  2005. 

[42]  Frohlich  A,  Rice  B.  Evaluation  of  Camelina  Sativa  oil  as  a  feedstock  for 
biodiesel  production.  Industrial  Crops  and  Products  2005;21(1):25-31. 

[43]  ParkJY,  Kim  DK,  Lee  JP,  Park  SC,  Kim  YJ,  Lee  JS.  Blending  effects  of  biodiesels 
on  oxidation  stability  and  low  temperature  flow  properties.  Bioresource 
Technology  2008;99:1196-203. 

[44]  Mehta  PS,  Anand  K.  Estimation  of  a  lower  heating  value  of  vegetable  oil  and 
biodiesel  fuel.  Energy  and  Fuels  2009;23(8):3893-8. 

[45]  Snare  M,  Kubickova  I,  Maki-Arvela  P,  Chichova  D,  Eranen  K,  Murzin  DY. 
Catalytic  deoxygenation  of  unsaturated  renewable  feedstocks  for  production 
of  diesel  fuel  hydrocarbons.  Fuel  2008;87(6):933-45. 

[46]  Narasimharao  K,  Lee  A,  Wilson  K.  Catalysts  in  production  of  biodiesel:  a 
review.  Journal  of  Biobased  Materials  and  Bioenergy  2007;1:19-30. 

[47]  Imahara  H,  Minami  E,  Hari  S,  Saka  S.  Thermal  stability  of  biodiesel  in 
supercritical  methanol.  Fuel  2008;87:1-6. 

[48]  Ramos  MJ,  Fernandez  CM,  Casas  A,  Rodriguez  L,  Perez  A.  Influence  of  fatty 
acid  composition  of  raw  materials  on  biodiesel  properties.  Bio-resource 
Technology  2009;100(1  ):261-8. 

[49]  Allen  CAW,  Watts  KC,  Ackman  RG,  Pegg  MJ.  Predicting  the  viscosity  of  biodiesel 
fuels  from  their  fatty  acid  ester  composition.  Fuel  1999;78(ll):1319-26. 

[50]  Hasenhuetti  GL.  Fats  and  fatty  oils.  In:  Jacqueline  I.  Kroschwitz,  Mary  Howe- 
Grant,  editors.  Kirk-Othmer  encyclopedia  of  chemical  technology.  New  York: 
John  Wiley  &  Sons  Inc.;  2005.  p.  816. 

[51]  Pinto  AC,  Guarieiro  LLN,  Rezende  MJC,  Ribeiro  NM,  Torres  EA,  Lopes  WA. 
Biodiesel:  an  overview.  Journal  of  the  Brazilian  Chemical  Society 
2005;  16(6B):  131 3-30. 


S.A.  Abo  El-Enin  et  al.  /  Renewable  and  Sustainable  Energy  Reviews  18  (2013)  471-477 


477 


[52]  Demirbas  A.  Biodiesel  fuels  from  vegetable  oils  via  catalytic  and  non-catalytic 
supercritical  alcohol  transesterifications  and  other  methods:  a  survey.  Energy 
Conversion  and  Management  2003;44:2093-109. 

[53]  Goering  C,  Schwab  A,  Daugherty  M,  Pryde  E,  Heakin  A.  Fuel  properties  of 
eleven  vegetable  oils.  Transactions  of  the  ASAE  1982;25:1472-83. 

[54]  Kousoulidou  M.  Fontaras  G,  Mellios  G.  Ntziachristos  L.  Effect  of  biodiesel  and 
bioethanol  on  exhaust  emissions.  ETC/ACC;  Technical  paper  2008/5;  2008. 

[55]  Kasim  FH,  Harvey  AD.  Influence  of  various  parameters  on  reactive  extraction 
of  Jatropha  curcas  L.  for  biodiesel  production.  Chemical  Engineering  Journal 
2011;171:1373-8. 

[56]  Karnwal  A,  Kumar  N,  Hasan  MM.  Chaudhary  R.  Siddiquee  AN,  Khan  ZA. 
Production  of  biodiesel  from  thumba  oil:  optimization  of  process  parameters. 
Iranica  Journal  of  Energy  and  Environment  2010;l(4):352-8. 

[57]  Atapour  M.  Kariminia  HR.  Characterization  and  transesterification  of  Iranian 
bitter  almond  oil  for  biodiesel  production.  Applied  Energy  2011;88:2377-81. 

[58]  Shailendra  S,  Agarwal  AK,  Garg  S.  Biodiesel  development  from  rice  bran  oil: 
transesterification  process  optimization  and  fuel  characterization.  Energy 
Conversion  and  Management  2008;49(5):  1248-57. 

[59]  Rashid  U,  Anwar  Farooq  A.  Production  of  biodiesel  through  optimized 
alkaline-catalyzed  transesterification  of  rapeseed  oil.  Fuel  2008;87:265-73. 


[60]  Venkanna  BK,  Reddy  CV.  Biodiesel  production  and  optimization  from  Calo- 
phyllum  inophyllum  linn  oil  (honne  oil) — a  three  stage  method.  Bioresource 
Technology  2009;100:5122-5. 

[61]  Knothe  G.  Analytical  methods  used  in  the  production  and  fuel  quality 
assessment  of  biodiesel.  American  Society  of  Agricultural  Engineers 
2001;44:193-200. 

[62]  Knothe  G.  Analyzing  biodiesel:  standards  and  other  methods.  Journal  of  the 
American  Oil  Chemist’s  Society  2006;83:823-33. 

[63]  Hoekman  SK,  Broch  A,  Robbins  C,  Eric  Ceniceros  E.  Natarajan  M.  Review  of 
biodiesel  composition,  properties,  and  specifications.  Renewable  and  Sus¬ 
tainable  Energy  Reviews  2012;16:143-69. 

[64]  Peters  MS,  Timmerhaus  K,  West  R.  Plant  design  and  economics  for  che¬ 
mical  engineers.  5th  ed.  McGraw-Hill  Companies,  Incorporated,  2003, 
<http://www.mhhe.com/engcs/chemical/peters/  data/ce.  htmlS),  <http :// 
catalogs.mhhe.com/mhhe/viewProductDetails.do?isbn=0072392665>. 

[65]  El-diwani  G,  Farag  I.  Development  in  biodiesel  production  and  sources.  Final 
report.  USDA  Contract  58-3148-8-174.  US-Egypt  Science  and  Technology 
Fund;  2008-2012. 


